neuropeptides are stored in larger, more heterogeneous vesicles with an electron-dense core (large dense-core vesicles, LDCVs). Both organelles release their content via calcium-dependent exocytosis, but differ in their release mechanisms (Matteoli et al., 1988; Hokfelt, 1991; Verhage et al., 199 la,b) , their site ofrelease (Thureson-Klein and Klein, 1990) and their biogenesis. While LDCVs are formed as morphologically distinct organelles in the outer cisternae of the trans-Golgi network (TGN) (Orci et al., 1987; Tooze et al., 1987; Klein and Thureson-Klein, 1990; Tooze and Huttner, 1990; Jung and Scheller, 1991) SV membrane proteins appear to follow a separate route from the TGN to the plasma membrane that may involve cotransport of SV precursors with the constitutive pathway (Regnier-Vigouroux et al., 199 1). After exocytosis, SVs undergo many rounds of local recycling in the nerve terminal (Ceccarelli et al., 1973; Heuser and Reese, 1973) . The fate of the LDCV membrane after exocytosis is unclear. Since LDCVs cannot be reloaded in the cell periphery, their membrane constituents must ultimately reach the TGN to be reassembled into new LDCVs.
In recent years, investigation of the membrane composition of SVs led to the identification of more than half a dozen membrane proteins specific for these organelles. SV proteins have also been discovered in peptide-secreting endocrine cells, where they are enriched in a population of small vesicles (designated as synaptic-like microvesicles, SLMVs) that are different from secretory granules (Navone et al., 1986; Wiedenmann et al., 1988; see De Camilli and Jahn, 1990 , for review). Studies utilizing these proteins have allowed major progress in our understanding of SV biogenesis and membrane traffic Siidhof and Jahn, 1991; Trimble et al., 1991) . In contrast, little is known about membrane constituents of LDCVs. In the brain, LDCVs are rare organelles compared to SVs and have therefore been difficult to characterize biochemically. Pure LDCV preparations are available only from specialized regions of the nervous system where LDCVs abound. These regions include the posterior pituitary (Russell, 1980) and peripheral nerves of the sympathetic nervous system (Fried et al., 1978) .
The distinct features of SVs and LDCVs imply differences in their protein composition or regulation. On the other hand, since both LDCVs and SVs are secretory organelles within the same cell undergoing regulated exocytosis, conserved membrane proteins (or their isoforms) are likely to be involved in shared functions such as Ca*+ binding, targeting, or membrane fusion. It remains unsolved to what extent SV proteins are present on et al. * Synaptotagmin in Large Dense-Core Vesicles the membrane of LDCVs or secretory granules. Subcellular fractionation experiments and immunogold labeling have demonstrated that the SV proteins synapsin I, synaptophysin, and p29 are specifically localized in the membranes of SVs in the brain and SLMVs of various endocrine cells (Navone et al., 1984 (Navone et al., , 1986 Wiedenmann and Franke, 1985; Wiedenmann et al., 1988; Baumert et al., 1990; Reetz et al., 199 1) . Using subcellular fractionation or immunoprecipitation, other authors have found varying amounts of synaptophysin in fractions enriched in secretory granules or LDCVs from sympathetic neurons or the myenteric plexus (Lowe et al., 1988; Agoston and Whittaker, 1989; Schwarzenbrunner et al., 1990; Schmidle et al., 1991) . While most authors agree that in endocrine cells the majority of synaptophysin is localized on SLMVs, it remains controversial whether synaptophysin is also a component of the secretory granule membranes (Lowe et al., 1988; Obendorf et al., 1988; Fournier et al., 1989) .
The subceliular localization of the SV protein synaptotagmin (= ~65; Matthew et al., 198 1; Perin et al., 1990) has been investigated by several groups. Recent studies have shown that synaptotagmin binds Ca2+ ions with high affinity in a phospholipid-dependent manner, suggesting a function as a Ca2+ receptor in exocytosis (Brose et al., 1992) . In addition, synaptotagmin interacts with two recently identified proteins of the presynaptic plasma membrane, neurexin I (Petrenko et al., 199 1; Ushkaryov et al., 1992) and epimorphin/syntaxin [Bennett et al., 1992 ; see also Hirai et al., 1992 (epimorphin), and Inoue et al., 1992 (HPC-l) ], indicating direct involvement in docking and/or fusion of secretory vesicles with the plasmalemma. Since exocytosis of both LDCVs and SVs is regulated by Ca2+ (although the mechanisms may be different), it is of particular importance to clarify whether synaptotagmin is present in LDCV membranes. Indeed, there is evidence for the presence of synaptotagmin in the membrane of chromaffin granules and in LDCVs of the posterior pituitary and sympathetic neurons (Foumier and Trifaro, 1988; Trifaro et al., 1989; Perin et al., 1991a; Schmidle et al., 199 1) .
In the present study, we have used an immunobead isolation procedure that has been successfully applied to obtain SV fractions of high purity (Burger et al., 1989) to investigate whether synaptotagmin is present in the membranes of LDCVs in the CNS. In addition, we have reexamined the distribution of synaptotagmin in bovine posterior pituitary because we were previously unable to detect synaptotagmin in fractions enriched in neurosecretory granules (Navone et al., 1989) . Our results, obtained by a combination of electron microscopy, content analysis, and immunoblotting for a large array of vesicle membrane proteins, demonstrate that synaptotagmin, in addition to the vacuolar proton pump, is a constituent of both SVs and LDCVs while synaptophysin, ~29, and SV2 are largely confined to SVs and related microvesicles and cytochrome b56 1 appears to be confined to LDCVs.
Materials and Methods
Materials. Rabbit anti-mouse IgG was purchased from Cappel (Durham, NC). 12SI-labeled protein A was purchased from Du Pont (Wilmington, DE). All other reagents were of analytical grade and were from standard commercial sources. Antibodies. Monoclonal antibodies against synaptophysin [clone 7.2 (C 7.2); Jahn et al., 19851, synaptotagmin [clone 41.1 (Cl 41.1); Brose et al., 19921 and polyclonal antibodies against p29 (rabbit serum, affinity purified according to Baumert et al., 1990) , the 116 kDa subunit of the vacuolar proton pump (rabbit serum; Perin et al., 1991b) , and cytochrome b561 (rabbit serum; Perin et al., 1988) Subcellular fractionation of bovine posterior pituitary. Fractionation of neurosecretosomes from bovine posterior pituitary was performed as described (Navone et al., 1989 ) with slight modifications.
The homogenization medium consisted of 0.32 M sucrose, 4 mM HEPES, pH 7.4, 2 pg/ml pepstatin (ICN), 0.1 mM phenylmethylsulfonyl fluoride (Pierce). For sucrose density gradient centrifugation, a continuous gradient from 2.0 to 0.4 M sucrose was used instead of a step gradient.
Immunobead isolation of organelles. Monoclonal antibodies C 7.2 or Cl 4 1.1, respectively, were covalently coupled to the reactive surface of Eupergit ClZ methacrylate microbeads (1 pm mean diameter; Roehm Pharma, Darmstadt, Germany) as described (Burger et al., 1989 ). Antibody-containing Eupergit ClZ immunobeads are referred to as synaptophysin or synaptotagmin beads, respectively. Immunoisolation of organelles was carried out at 4-6°C. Rat hypothalamus was homogenized in 0.32 M sucrose, 5 mM HEPES, pH 7.4, using a glass-Teflon homogenizer (10 strokes, 2000-2500 rpm). For biochemical experiments, the resulting homogenate was centrifuged for 20 min at 10,000 x g. This relatively high precentrifugation was chosen in order to avoid cosedimentation of unspecific aggregates that otherwise would be generated during the immunobead incubation (not shown). Supematants containing approximately 5 mg/ml protein were incubated with synaptophysin beads or synaptotagmin beads (7 ~1 beads/ml supematant), respectively, for 30 min under rotation. The beads were sedimented for 1 min at 8500 x g and washed three times in homogenization buffer. For the immunoisolation of organelles of the posterior pituitary following sucrose gradient centrifugation, fractions containing microvesicles or neurosecretory granules were pooled and incubated with C 7.2 beads and Cl 4 1.1 beads, respectively, followed by washing steps as above.
Electron microscopy. For electron microscopy of bead-bound organelles, immunobeads were added directly to homogenates of rat hypothalamus. After incubation for 30 min under rotation, the beads were gently settled by centrifugation for 10 min at 350 x g. The pellets were directly fixed forelectronmicroscopy in isotonic fixative (0.25 M sucrose, 3% formaldehvde. 2.5% dutaraldehvde in 5 mM nhosnhate buffer). Further processing of the beads for electron microscopy-was performed as described previously (Cameron et al., 199 1) .
Other methods. The neuropeptide Y content of immunobead-isolated material was determined using the radioimmunoassay according to Marek and Mains (1989) . SDS-PAGE was performed on 10% gels according to Laemmli (1970) using the Bio-Rad minigel system. Silver staining of proteins was performed with a commercially available kit (Sigma, St. Louis, MO). Immunoblotting was carried out according to Towbin et al. (1979) with radioiodinated protein A as the detection system (Jahn et al., 1985) using a secondary antibody conjugated to alkaline phosphatase that was visualized with a tetrazolium-based staining reaction (Harlow and Lane, 1988) or using a secondary antibody conjugated to horseradish peroxidase visualized with enhanced chemiluminescence kit (ECL, Amersham). Protein was determined by the method of Bradford (1976) .
Results
Immunobeads were prepared by coupling monoclonal antibodies directed against either synaptophysin or synaptotagmin I to the surface of Eupergit C 1 Z methacrylate beads (synaptophysin beads and synaptotagmin beads). Rat hypothalamus, a region rich in LDCVs, was homogenized and subjected to low-speed centrifugation prior to immunoadsorption to remove cell debris, nuclei, and large particles. Figure 1 shows the protein profile of the two bead fractions in comparison to the starting material.
The profile of both bead fractions is clearly different from the starting material, Most of the major SV proteins are recognizable by protein staining resulting in a protein pattern similar to that described previously for SVs isolated by conventional procedures (Huttner et al., 1983) . In addition, no difference was observed between the patterns obtained with either synaptophysin or synaptotagmin beads. This demonstrates that the majority of the bound organelles are SVs or SV-derived membranes.
To investigate whether LDCVs are adsorbed together with SVs by synaptophysin or synaptotagmin beads, immunobead fractions were prepared from hypothalamus homogenate and analyzed by electron microscopy (Fig. 2) . Synaptophysin beads bound a vesicle population of uniform size (40-60 nm) reminiscent of SVs. A few larger membrane structures of irregular shape were found ( Fig. 2A) . Similar results were obtained with synaptotagmin beads that bound predominantly microvesicles corresponding to those observed on synaptophysin beads. In addition, a few organelles larger than SVs and with a dense core were observed, with a morphology reminiscent of LDCV (Fig.  2B ). These organelles were rare compared to SVs, which is in agreement with the relative paucity of LDCVs in comparison to SVs. However, they were found consistently in every preparation examined. To control for nonspecific binding of organelles, parallel incubations were performed with beads coupled to bovine IgG (Fig, 2C) . Very little unspecific binding of organelles to these beads was observed. This demonstrates the high specificity of the isolation procedure.
The electron microscopy findings demonstrated that synaptotagmin beads, but not synaptophysin beads, were capable of binding LDCVs. However, due to the scarcity of LDCV-like organelles in comparison to the far more abundant SVs, statistically valid confirmation of the morphological findings was difficult to obtain. For these reasons, we analyzed hypothalamic bead fractions for their NPY content, an example of an LDCVcontent peptide. As shown in Figure 3 , synaptotagmin beads contained on average 4.8 times more NPY than the control. In contrast, the NPY content of synaptophysin bead-isolated organelles was not significantly different from the control (average of 1.5 times) and can therefore be attributed to nonspecific adsorption. To ensure that the difference in NPY content between synaptophysin and synaptotagmin beads was not due to a different binding efficiency of the beads, the recovery of synaptophysin and synaptotagmin was analyzed by immunoblotting in each experiment. As shown in Figure 4 , synaptophysin and synaptotagmin beads bound approximately equal amounts of both proteins whereas binding to control beads was negligible.
Together, these results demonstrate that synaptotagmin beads but not synaptophysin beads bound neuropeptide containing organelles.
The results described above have demonstrated that synaptotagmin is a constituent of at least some LDCVs within the nervous system. We have therefore extended our study to the bovine posterior pituitary. The posterior pituitary is mainly composed of nerve endings of hypothalamic neurons that are densely populated with specialized LDCVs, the neurosecretory granules. In addition, these nerve endings contain microvesicles that were previously shown to be similar to SVs (Navone et al., 1989) . Neurosecretory granules and SVs can be separated by continuous sucrose gradient centrifugation. In previous studies immunogold electron microscopy and subcellular fractionation have demonstrated that synaptophysin and the synapsins are selectively associated with microvesicles (Navone et al., 1984, 1986, 1989). In addition, synaptotagmin (~65) as detected by a monoclonal antibody (Matthew et al., 198 1) appeared to cofractionate with synaptophysin on sucrose density gradients. However, the labeling signal for synaptotagmin was relatively weak (Navone et al., 1989) . We have now reexamined the distribution of synaptotagmin on sucrose density gradients using the synaptotagmin I-specific monoclonal antibody Cl 4 1.1 and compared this distribution to that of an array of vesicle membrane proteins and of content proteins of neurosecretory granules. The immunoblots (Fig. 5) show that sucrose gradient fractionation resulted in the generation of three clearly separated zones: one at the top of the gradient containing soluble proteins including secretory proteins derived from lysed granules (secretogranin II, chromograninin A, neurophysin-oxytocin), a middle region enriched in SV markers (synaptophysin, synaptotagmin, ~29, and SV2; maximum at 0.9-1.0 M sucrose), and a bottom region enriched in neurosecretory granules as evidenced by granule content proteins (secretogranin II, chromogranin A, neurophysin-oxytocin; maximum at about 1.6 M sucrose). Synaptotagmin has a bimodal distribution, with peaks both at the position of the microvesicles as well as that ofthe neurosecretory granules. A similar distribution was found for the membrane protein cytochrome b561. Cytochrome b56 1 was previously shown to be a constituent of neurosecretory granules, where it transports electrons required for some of the peptide processing enzymes into the granules (Duong et al., 1984) . In addition, the 116 kDa subunit of the vacuolar proton pump cofractionated with synaptotagmin and cytochrome b561 as well as with the other SV membrane proteins. This supports previous reports that a proton-translocating ATPase is present in neurosecretory Figure 2 . Electron microscopy of organelles immunoisolated from rat hypothalamus using synaptophysin beads (A), synaptotagmin beads (B), and control beads (coupled to bovine IgG) (C). The beads were obtained after incubation with crude homogenate without further purification.
In fields A and B, the surface of the beads is mainly covered with small vesicular profiles corresponding to SVs. In A, occasional larger, irregularly shaped profiles are seen that probably correspond to other compartments of the SV pathway. Synapotagmin beads (B) contain, in addition, larger profiles with an electrondense core typical for LJXVs (arrowhead). Scale bars, 200 nm.
synaptosynaptocontrol physin tagmin beads beads beads Figure 3 . NPY was present only in organelles isolated with synaptotagmin beads but not with synaptophysin beads. A postnuclear supernatant ofthe rat hypothalamus was incubated with synaptophysin beads, synaptotagmin beads, or control beads (inactivated with glycine) as described in Materials and Methods (0.75 mg protein/p1 beads). The NPY content in each bead fraction was determined by radioimmunoassay. Shown are data from four independent experiments. granules (Scherman et al., 1982; Russell et al., 1984) . In contrast, synaptophysin, SV2, and p29 were restricted to the microvesicle-containing fractions and were absent from the peak of neurosecretory granules, verifying that these microvesicles were identical with SVs of conventional nerve endings. In summary, these data showed that synaptotagmin, together with cytochrome b56 1 and the vacuolar proton pump, is also a resident protein of organelles denser than SVs, most likely neurosecretory granules, whereas synaptophysin, SV2, and p29 are selectively localized on microvesicles. To confirm further the absence of synaptophysin from neurosecretory granules, the peak fractions containing neurosecretory granules were pooled and synaptotagmin-containing membranes were immunoisolated using synaptotagmin beads. For comparison, microvesicle-containing fractions were pooled and immunoadsorbed with synaptophysin beads. As shown in Figure 6 , membranes isolated from the neurosecretory granule fraction were enriched in synaptotagmin but lacked even trace amounts of synaptophysin. In contrast, membranes isolated from the microvesicle peak contained both synaptotagmin and synaptophysin. Interestingly, only minor amounts of cytochrome b56 1 were found in organelle fractions isolated with synaptophysin beads, indicating that this protein may be absent from the microvesicles. The presence of this protein at the position of the microvesicles in the sucrose gradient is probably due to the presence of membranes derived from lysed neurosecretory granules.
Discussion
In the present study, we have used an immunoisolation procedure to prepare membrane vesicles containing synaptophysin and synaptotagmin, respectively, in a single step from crude homogenate fractions (Burger et al., 1989) . The results have confirmed previous observations that this procedure yields fractions of exceptional purity with only negligible nonspecific contamination. The data have demonstrated that synaptotagmin I, the predominant isoform of synaptotagmin, is present in at least a subpopulation of LDCVs from brain. Since one or more isoimmunoisolation with synapto-synaptophysin tagmin control beads beads beads -synaptotagmin +-synaptophysin Figure 4 . To ensure that both synaptotagmin and synaptophysin beads bound vesicles with equal efficiency, 1 ~1 of each bead fraction was analyzed by immunoblotting for the presence of synaptotagmin and synaptophysin using the alkaline phosphatase method. For comparison, the postnuclear supernatant as well as the supematants remaining after the respective bead incubations were separated in parallel. Note that bead incubation did not deplete the supematants of synaptotagmin or synaptophysin since an excess of postnuclear supematant was used.
Arrowheads point to the position of IgG heavy chains of the monoclonal antibodies C 7.2 and Cl 4 1.1.
forms of synaptotagmin appear to be expressed in all neurons (Matthew et al., 198 1; Geppert et al., 199 l) , it is likely that most LDCV membranes contain a member of the synaptotagmin protein family. However, a generalization of these observations is dependent on the availability of antibodies specific for synaptotagmin II. In contrast, our findings argue against the presence of synaptophysin in mature LDCVs as reported by several authors (Lowe et al., 1988; Obendorfet al., 1988 Obendorfet al., ,1989 Fournier et al., 1989; Schwarzenbrunner et al., 1990) , which confirms previous findings (Navone et al., 1986 (Navone et al., , 1989 .
Previous studies addressed the question of an overlap in membrane composition between SVs and peptide-containing secretory vesicles (LDCVs and endocrine granules), with partially mixed results. In some studies it has been suggested that SVs share most of their components with LDCVs and secretory granules, whereas in other studies from our as well as other laboratories, important differences between the two organelles have been reported. In early reports, synaptotagmin (then named ~65) was identified on SVs as well as on LDCVs and secretory granules both by immunoperoxidase electron microscopy and immunoisolation (Matthew et al., 198 1; Floor and Leeman, 1985) . More recently, studies using subcellular fractionation techniques have demonstrated differences between the localization of synaptophysin and synaptotagmin (Volknandt et al., 1988; Fournier et al., 1989; Winkler and Fischer-Colbrie, 1990; Schmidle et al., 199 1) . Most of these studies were performed in cells containing biogenic amines such as adrenal medulla and PC1 2 cells. In the adrenal medulla, a relative enrichment of synaptotagmin over synaptophysin was found in fractions enriched in chromaffin granules, suggesting that synaptotagmin is present in the chromaffin granule membrane. In these studies varying amounts of synaptophysin were also found in the granule frac- The proteins were visualized by incubation with 1251-protein A and autoradiography with the exception of p29 that was detected by incubation with peroxidase-coupled secondary antibody and enhanced chemiluminescence. The figure shows the results obtained from two independent gradients (upper and lower panels, respectively). The immunoreactive bands of lower mobility (upper bands) in the cytochrome b56 1 (cyt b561) panel are due to a nonspecific cross-reaction with an unknown soluble protein. pp 116 kDu stands for the 116 kDa subunit of the vacuolar proton pump.
tion. We did not detect significant levels of synaptophysin in results agree in this respect with the conclusions of Matthew et purified chromaffin granules by either immunogold microscopy al. (198 l), Foumier et al. (1989 ) Trifaro et al. (1989 , and or subcellular fractionation (Navone et al., 1986; Fischer von Schmidle et al. (199 1) . Mollard et al., 1990; Perin et al., 199 la; see also Wiedenmann
The distribution of cytochrome b56 1 and the 116 kDa subunit et al., 1988) . Thus, it appears that synaptotagmin is a constituent of the proton pump in the posterior pituitary was similar to that of at least a subpopulation of LDCVs in the nervous system as of synaptotagmin. Whereas the vacuolar proton pump has been well as of secretory granules in chromaffin cells. Our present previously demonstrated to be a constituent of both SVs (Hell microvesicle I granule fraction fraction +--synaptotagmin -synaptophysin -cyt b561 Figure 6 . Immunobead isolation of organelles from pooled peak fractions corresponding to the position of neurosecretory granules (granule fraction, 1.3-2.0 M sucrose) and microvesicles (microvesicle fraction, 0.6-l .O M sucrose). The fractions were obtained following sucrose density gradient centrifugation of postnuclear supernatants of bovine neurosecretosomes (see Fig. 5 ). The microvesicle pool was incubated with synaptophysin beads and the granule pool with synaptotagmin beads, respectively; 2.5 ~1 of the resulting bead fractions was analyzed by SDS-PAGE and immunoblotting for (alkaline phosphatase method for synaptophysin and synaptotagmin, peroxidase-enhanced chemiluminescence method for cytochrome b561). For comparison, equal volumes of the starting material as well as the supematants remaining after the respective bead incubations were analyzed in parallel. Note the absence of synaptophysin in the granule-derived bead fraction. Cytochrome b56 1 enriched with synaptotagmin beads but not with synaptophysin beads. Arrowheads indicate position of the IgG heavy chain.
et Cidon and Sihra, 1989; Yamagata and Parsons, 1989; Floor et al., 1990) and secretory granules (for review, see Mellman et al., 1986, and Stone et al., 1989 ), it appears that cytochrome b56 1, a redox shuttle required for peptide processing enzymes, is absent from SVs. The presence of cytochrome b561 in the SV fractions may be due to membrane fragments of lysed neurosecretory granules that would colocalize in these fractions.
The findings reported here confirm earlier observations that synaptophysin is selectively localized on SVs and SLMVs (Wiedenmann and Franke, 1985; Navone et al., 1986 Navone et al., , 1989 Wiedenmann et al., 1988; Cutler and Cramer, 1990; Fischer von Mollard et al., 1990; Schweitzer and Paddock, 1990; Reetz et al., 199 1) . In addition, the proteins p29 and SV2 appear to share this distribution (although their presence in LDCV membranes at low concentrations cannot be ruled out). However, the differences in membrane composition observed here further support the view that SVs and LDCVs are organelles of two different secretory pathways whose components are independently sorted. LDCVs are formed by protein condensation in dilated sacs of the TGN (Broadwell and Oliver, 198 1; Kagotani et al., 199 1) . SV proteins follow a different route from LDCVs after exiting the TGN. In PC1 2 cells, synaptophysin leaves the TGN together with vesicles of the constitutive secretory pathway and is sorted away from this pathway in endosomes into SVs after one or several rounds of constitutive membrane recycling (Cutler and Cramer, 1990; Cameron et al., 1991; Rkgnier-Vigoroux et al., 199 1) . Furthermore, recent experiments have suggested that the biogenesis of SVs and LDCVs is differentially regulated in cultures of hypothalamic neurons (Tixier-Vidal et al., 1992).
Of the SV proteins thought to be involved in vesicular membrane traffic (Si.idhof and Jahn, 1991) , synaptotagmin is so far the only protein that is present on both types of secretory organelles undergoing Ca 2+-dependent exocytosis. This emphasizes the central importance of this protein previously suggested by its unique properties as a Ca 2+-binding protein and a specific binding site for the plasma membrane proteins neurexin and syntaxin [Bennett et al., 1992 ; see also Hirai et al., 1992 (epimorphin), and Inoue et al., 1992 (HPC-l) ]. However, the lack of synaptophysin and the other SV proteins on LDCV membranes does not necessarily imply that these proteins perform functions required exclusively for the SV pathway and not required for the LDCV pathway. Recent findings have indicated that most, if not all, SV proteins belong to protein families that are larger than originally anticipated. In particular, the discovery of non-neuronal isoforms of synaptophysin (Zhong et al., 1992) and synaptobrevin (McMahon et al., 1993 ; see also Cain et al., 1992) suggests that these protein families have functions fundamental for basic steps of membrane traffic such as membrane fusion or budding.
It is possible that LDCVs contain hitherto unknown isoforms of SV-specific proteins that are functionally equivalent to their SV counterparts but are differentially sorted during vesicle biogenesis.
